Three new 5-lipoxygenase inhibitors, designated as BU-4601 A, B and C, were found in the fermentation broth of Streptomyces sp. strain No. AA2807.Their structures were identified as isodecyl, isoundecyl and isolauryl esters of 5-hydroxyanthranilic acid, respectively. Based on their structures, five related esters were synthesized and evaluated for biological activity as inhibitors of 5-lipoxygenase. Both naturally-occurring and chemically-synthesized compoundsexhibited almost equal levels of 5-lipoxygenase inhibibory activities in vitro.
Kagaku Co.) 2.0%, glucose 0.5%, NZ-case (Humco Sheffield Chemical Co.) 0.3%, yeast extract (Oriental Yeast Co.) 0.2%, fish meal D30X (Banyu Nutrient Co.) 0.5% and CaCO3 0.3%, pH 7.0 before autoclaving. The flask was incubated at 28°C for 4 days on a rotary shaker (200rpm) and 5ml of the culture was transferred into a 500 ml-Erlenmeyer flask containing 100 ml of production medium(soluble starch 3.0%, beet molasses (Nihon Tensai Seito Co.) 0.5%, Protein S (Ajinomoto Co.) 2.0%, fish meal (Hokuyo Suisan Co.) 0.5% and CaCO30.3%, pH 7.0). The flask was incubated at 28°C for 4 days on a rotary shaker (200 rpm). Production of active materials was monitored by in vitro 5-lipoxygenase inhibitory activity assay.
Isolation and Purification
The fermentation broth (9 liters) was mixed well with 1-butanol (5 liters). The organic layer (4.5 liters) was separated from the aqueous layer and mycelial cake using a Sharpies centrifuge (Kokusan No. 4A) and concentrated to dryness in vacuo to afford a crude solid (5.6 g). This solid was partitioned between ethyl acetate and water (200 ml each). The ethyl acetate layer was concentrated in vacuo and the residue was applied to a silica gel column (Wakogel C-200, 4.0 i.d. x 56cm) which had been prewashed with methylene chloride. The column was developed with a linearly increasing concentration of methanol in methylene chloride from 2 to 10%in vol. The eluate was collected in 15 ml-fractions, which were assayed for 5-lipoxygenase inhibitory activity. The active fractions were collected and concentrated in vacuo to give a solid mixture (114mg) of components A, B and C. The mixture (96mg) was further subjected to preparative HPLC using a YMC-ODS,D-ODS-5 column (20 i.d. x 250mm, YMCCo.) and the column was eluted with a linear concentration gradient of acetonitrile in water from 75 to 90%. The fractions containing a single component were combined and concentrated in vacuo to yield component A (2.5 mg), B (2.4mg) or C (9.3mg).
Physico-chemical
Properties BU-4601 A, B and C were soluble in methanol, ethanol, ethyl acetate, chlorofrom and dimethyl sulfoxide, slightly soluble in «-hexane, but insoluble in water. They gave positive reactions to iodine vapor, sulfuric acid and ferric chloride, but negative to ninhydrin and anthrone tests. The physico-chemical properties of three components are summarizedin Table 1 .
Structural Determination
BU-4601 A, B and C exhibited essentially the same UVabsorption maxima at 220, 246 (sh) and Table 1 UV Amax nm (8) 360 nm, indicating that three components possessed the same chromophore moiety. The IR spectrum of BU-4601 C (Fig. 1) showed strong absorption bands of amino (3395 cm" 1), hydroxyl (3150cm" 1), ester (1700, 1210 and 1020cm"1) and aromatic (1595 and 1570cm"1) functionalities. The EI-MS spectra of BU-4601 A, B and C showed molecular ions at m/z 293, 307 and 321, respectively, as well as common fragment ions at m/z 153 (C7H7NO3) and 135 (C7H5NO2) which were due to a benzoic acid moiety substituted with one amino and one hydroxyl groups. The XHNMRspectral data (Table 2 ) of these three components were very similar to each other except for methylene groups (S 1.2~1.4). The EI-MS and 1H NMRspectral data suggested that components A, B and C differed only in the number of methylene groups (CH2 x 7, CH2 x 8 and CH2 x 9, respectively).
As seen in the XHNMRspectrum (Fig. 2) , BU-4601 C shows three aromatic protons (3'-H, <56.59; 4'-H, (56.88 and 6'-H, <57.34) which are assignable to a 1 ,2,4-trisubstituted benzene ring from coupling constants. The spectrum also exhibits one amino (2'-NH2, S 5.38) and one hydroxyl (5'-OH, 5 4.39) group, suggesting a 5-hydroxyanthranilate structure based on the (5) 7.4 H-Hexyl ester (6) 1.6 H-Nonyl ester (7) 2.0 H-Lauryl ester (8) 5.7
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ester bond based on the chemical shift of the terminal methylene (12-CH2, (5 4.25) and a characteristic IR absorption at 1700cm"1. The 13C NMRspectrum (Fig. 3 ) ofBU-4601 C shows two methyl (C-l and -2, (1), isoundecyl (2) and isolauryl 5-hydroxyanthranilates (3), respectively (Fig. 4) .
Synthesis of Alkyl 5-Hydroxyanthranilates The methyl ester (4) was obtained by treating 5-hydroxyanthranilic acid with diazomethane in dried DMF-ether mixture. The «-propyl derivative (5) was prepared from the acid by reaction with w-propanol in the presence of SOC12. «-Hexyl (6), «-nonyl (7) and w-lauryl 5-hydroxyanthranilates (8) were synthesized by condensation of diCbz-5-hydroxyanthranilic acid with H-hexyl, «-nonyl and w-lauryl alcohols, respectively, in dried DMFusing dicyclohexylcarbodiimide and pyridine followed by hydrogenolysis in the presence of palladium black. Physico-chemical data of these synthetic derivatives are described in the Experimental section.
Biological Activity
Naturally-occurring and chemically-synthesized alkyl 5-hydroxyanthranilate derivatives were comparatively evaluated for their in vitro 5-lipoxygenase inhibitory activities. As shown in Table 3 , all the derivatives show almost equal levels of activities. Precisely speaking, 6 shows the strongest activity, while 4 does the weakest activity among the compounds tested. Starting material 5-hydroxyanthranilic acid is inactive.
All the derivatives possessed very weak cytotoxic activities against human colon carcinoma (HCT-1 1 6) cells with IC50 > 100^g/ml (data not shown).
Experimental

General
TLCwas performed on a precoated silica gel plate (Kieselgel 60F254, E. Merck). The IR and UV spectra were recorded on a Jasco IR-810 IR spectrophotometer and a Jasco UVIDEC-610C spectrophotometer, respectively. The XHand 13C NMRspectra were recorded on a Jeol JMN-GX400 spectrometer operated in the Fourier transform mode using TMSas the internal standard. The EI-MS
